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
$EVWUDFW
&RPSRVLWHVDUHFRPPRQO\XVHGPDWHULDOVLQPDQ\VWUXFWXUDODSSOLFDWLRQVEHFDXVHRIWKHLUDGYDQWDJHRXVOLNHOLJKWQHVV
RU VWUHQJWKWRZHLJKW UDWLR:LWK WKH LQFUHDVHGXVHRIFRPSRVLWHV LWKDVEHHQXQGHUVWRRG WKDW WKHLUGHIRUPDWLRQV LQ
WHUPV RI IDWLJXH LV PRUH FRPSOH[ WKDQ WKDW RI PHWDOV $OWKRXJK IDWLJXH EHKDYLRU RI FRPSRVLWHV KDV EHHQ VWXGLHG
H[WHQVLYHO\OLWWOHDWWHQWLRQZDVSDLGWRRSWLPL]DWLRQRIFRPSRVLWHVXQGHUIDWLJXH
,QWKLVVWXG\DQLPSURYHGPHWKRGRORJ\LVSURSRVHGWRILQGJOREDOO\RSWLPXPGHVLJQVRIFRPSRVLWHODPLQDWHVVXEMHFW
WR JLYHQ LQSODQH ORDGV IRU PD[LPXP IDWLJXH OLIH )RU WKLV SXUSRVH D SDUDPHWULF IDWLJXH OLIH SUHGLFWLRQ PRGHO
SURSRVHG E\ )DZD] DQG (OO\LQ ZDV FRXSOHG ZLWK D JOREDO RSWLPL]DWLRQ WHFKQLTXH 3DUWLFOH 6ZDUP 2SWLPL]DWLRQ
362 ZKLFK LV D PHWDKHXULVWLF RSWLPL]DWLRQ DOJRULWKP 7KH QXPEHU RI GLVWLQFW ILEHU RULHQWDWLRQ DQJOHV DQG WKH
QXPEHURISOLHVHDFKODPLQDFRQWDLQVZHUHSUHGHWHUPLQHG7KHILEHURULHQWDWLRQDQJOHVLQHDFKOD\HUZHUHWDNHQDV
GHVLJQ YDULDEOHV DQG GHWHUPLQHG LQ WKH GHVLJQ SURFHVV $ QXPEHU RI SUREOHPV ZHUH VROYHG WR GHPRQVWUDWH WKH
HIIHFWLYHQHVVDQGUHOLDELOLW\RIWKHSURSRVHGPHWKRG

3XEOLVKHGE\(OVHYLHU/WG6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RI1RRUXO,VODP
&HQWUHIRU+LJKHU(GXFDWLRQ
.H\ZRUGV&RPSRVLWHV)DWLJXH/LIH)DZD](OO\LQPRGHO3DUWLFOH6ZDUP2SWLPL]DWLRQ362
,QWURGXFWLRQ
,Q WRGD\¶VZRUOG GXH WR VHYHUDO DVSHFWV OLNH OLJKWQHVV DQG VWUHQJWK WR VWLIIQHVV UDWLR FRPSRVLWHV DUH
XVHGLQPDQ\VWUXFWXUDODSSOLFDWLRQVDQGDVDUHVXOWXVDJHVRIWKHPDUHFRQWLQXRXVO\LQFUHDVHG%HFDXVHRI
WKLV LQFUHDVHG XVDJH VWXGLHV UHODWHG WR FRPSRVLWH DQG FRPSRVLWH VWUXFWXUHV DOVR JDLQHG LPSRUWDQFH IRU
ERWKDFDGHPLFDQGLQGXVWULDOSRLQWRIYLHZV
,QFRPSRVLWHVDVEHLQJ LQPHWDOVIDWLJXHLV WKHPDLQGHIRUPDWLRQPHFKDQLVPXQGHUVHUYLFHORDGLQJ
7KHH[WHQVLYHUHVHDUFKRQFRPSRVLWHPDWHULDOV>@UHYHDOHGWKDWWKHLUIDWLJXHEHKDYLRULVFRPSOH[7KH
XVHRIFRPSRVLWHVGHSHQGVRQWKHXQGHUVWDQGLQJRIWKHIDWLJXHPHFKDQLVPLQFRPSRVLWHV,QRWKHUZRUGV
LI WKH DELOLW\ RI WKH SUHGLFWLRQ RI IDWLJXH IDLOXUH OLIH XQGHU YDULRXV ORDGLQJ FRQGLWLRQV LV GHWHUPLQHG
Available online at www.sciencedirect.com
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
474   Ahmet H. Ertas /  Procedia Engineering  38 ( 2012 )  473 – 478 
DFFXUDWHO\ WKHQ WKH XVDJH RI WKH FRPSRVLWHV ZLOO LQFUHDVH 7KLV FDQ EH DFKLHYHG HLWKHU WKURXJK
H[SHULPHQWDOFKDUDFWHUL]DWLRQRUE\XVLQJSUHGLFWLYHWRROV([SHULPHQWDOVWXGLHV>@UHODWHGWRIDWLJXH
EHKDYLRU RI FRPSRVLWHPDWHULDOV DUH YHU\ H[SHQVLYH DQG WLPH FRQVXPLQJSURFHVVHV0RUHRYHU LW LV QRW
HDV\ WR JHQHUDOL]H WKH H[SHULPHQWDO UHVXOWV +HQFH HYHQ LI PRVW RI WKH H[LVWLQJ LQYHVWLJDWLRQV DUH
SULPDULO\H[SHULPHQWDODQGDOVRREWDLQLQJUHOLDEOHIDWLJXHOLIHSUHGLFWLRQVDUHGLIILFXOWGXHWRFRPSOH[LW\
RI WKH FRPSRVLWH VWUXFWXUH DQG IDWLJXH IDLOXUH GHIRUPDWLRQPHFKDQLVPPRGHOLQJ LV JHQHUDOO\ DWWUDFWLYH
ZD\IRUVDYLQJWLPHDQGH[SHQVHVLQWKHIDWLJXHGHVLJQRIFRPSRVLWHODPLQDWHV%HFDXVHRIWKHVHODFNVLQ
IDWLJXH OLIH DQDO\VLV FRPSRVLWH VWUXFWXUHV WKDW DUH VXVFHSWLEOH WR IDWLJXH IDLOXUH DUH JHQHUDOO\ RYHU
GHVLJQHGWRHOLPLQDWHFDWDVWURSKLFIDLOXUHDQGDUHWKHUHIRUHOHVVWKDQRSWLPXP>@+RZHYHUWRHOLPLQDWH
RYHUGHVLJQHG VWUXFWXUHV UHVHDUFKHUV FRPELQHG H[LVWLQJ DSSURDFKHV RI PRQROLWKLF PDWHULDOV ZLWK
H[SHULPHQWDO VWXGLHV RQ FRPSRVLWHV WR REWDLQ D UHOLDEOH IDWLJXH OLIH SUHGLFWLRQ PRGHO IRU FRPSRVLWH
PDWHULDOV>@

(PSLULFDO)DWLJXH/LIH3UHGLFWLRQ0RGHO)DZD](OO\LQ0RGHO
(PSLULFDOIDWLJXHOLIHSUHGLFWLRQPRGHOVKDYHEHHQREWDLQHGIRUWKHLPSURYHPHQWRIWKHSHUIRUPDQFH
RIWKHFRPSRVLWHPDWHULDOV7KLVLVQHFHVVDU\WRREWDLQVDIHDQGUHOLDEOHGHVLJQV,QOLWHUDWXUHWKHEHKDYLRU
RIFRPSRVLWHPDWHULDOVXQGHUXQLD[LDOIDWLJXHKDVEHHQVWXGLHG+RZHYHUEHFDXVHRIWKHFRPSOH[LWLHVWKH
IDWLJXHEHKDYLRURIFRPSRVLWHPDWHULDOVXQGHUIDWLJXHKDVEHHQOHVVLQYHVWLJDWHG>@
,QRUGHUWRREWDLQDUHOLDEOHIDWLJXHOLIHSUHGLFWLRQPRGHOZHKDYHWRFRQVLGHUDOOWKHIDFWRUVDIIHFWLQJ
IDWLJXH OLIH %HFDXVH )DZD](OO\LQ HPSLULFDO OLIH SUHGLFWLRQ PRGHO UHTXLUHV MXVW D IHZ FRQVWDQW ZKLFK
PHDQV VLJQLILFDQWO\ ORZ H[SHULPHQWDO HIIRUWV DQG DOVR LW LV D JHQHUDO PXOWLD[LDO IDWLJXH OLIH SUHGLFWLRQ
PRGHOIRUILEHUUHLQIRUFHGFRPSRVLWHPDWHULDOVZHXVHG)DZD](OO\LQHPSLULFDOOLIHSUHGLFWLRQPRGHOLQ
IDWLJXHOLIHFDOFXODWLRQVRIFRPSRVLWHSODWHV
7KHPRGHO ILUVW KDV EHHQ LQWURGXFHG XVLQJ D SODLQ VSHFLPHQ VXEMHFWHG WR D XQLD[LDO IDWLJXH ORDGLQJ
ZKLFKDSSOLHGSDUDOOHOWRDUHIHUHQFHGLUHFWLRQU$FFRUGLQJWR)DZD](OO\LQPRGHO>@WKHUHODWLRQVKLS
EHWZHHQ WKH PD[LPXP VWUHVV DQG QXPEHU RI F\FOHV WR IDWLJXH IDLOXUH FDQ EH H[SUHVVHG E\ D VHPLORJ
OLQHDUHTXDWLRQ

ܵݎ ൌ ݉ݎ ൫݂ܰ൯ ൅ ܾݎ    
7KH UHODWLRQVKLS EHWZHHQPD[LPXP VWUHVV DQG QXPEHU RI F\FOHV WR IDWLJXH IDLOXUH IRU DQ\ DUELWUDU\
ORDGLQJGLUHFWLRQLFDQEHH[SUHVVHGDV

ܵ݅ ൌ ݉݅ ൫݂ܰ൯ ൅ ܾ݅     
ZKHUHPLDQGELDUHWZRPDWHULDOIDWLJXHSDUDPHWHUVZKRVHYDOXHVGHSHQGRQORDGLQJGLUHFWLRQLDQG1I
LVWKHQXPEHURIF\FOHVWRIDLOXUHDWWKHDSSOLHGVWUHVV$FFRUGLQJWR)DZD](OO\LQPRGHOWKHUHODWLRQVKLSV
EHWZHHQ WKH PD[LPXP VWUHVV DQG QXPEHU RI F\FOHV WR IDWLJXH IDLOXUH IRU WKH UHIHUHQFH GLUHFWLRQ U
(TXDWLRQDQGDQ\DUELWUDU\GLUHFWLRQL(TXDWLRQFDQEHFRUUHODWHGXVLQJIROORZLQJIXQFWLRQV

݉݅ ൌ ݂ሺܽͳǡ ܽʹǡ ߠሻ݃ሺܴሻ݉ݎ    
ܾ݅ ൌ ݂ሺܽͳǡ ܽʹǡ ߠሻܾݎ    
,QWKHVHHTXDWLRQVDǻı\\ǻı[[DQGDǻĲ[\ǻı[[UHSUHVHQWELD[LDOVWUHVVUDWLRV8VLQJHTXDWLRQVDQG
HTXDWLRQEHFDPH

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
475 Ahmet H. Ertas /  Procedia Engineering  38 ( 2012 )  473 – 478 
,Q WKHVH HTXDWLRQV WKH QRQGLPHQVLRQDO
ODPLQD LV XQLGLUHFWLRQDO RU ELGLUHFWLRQDO
YDULHVGHSHQGLQJRQWKHQDWXUHRIWKHH[SH
)RU H[DPSOH )DZD] DQG (OO\LQ >@ SUR
FRQGXFWHGE\6PLWK>@IRUDZRYHQ(JOD

6 I 
ZKHUHWKHQRQGLPHQVLRQDOHQWLWLHVWKHVW
IDFWRUV  I D DQG  7 T DUHH[SUHVVHG

7KHFRPSDULVRQVRIWKHPRGHOZLWKWKHH[
DQG
)LJ&RPSDULVRQRIWKH)DZD]	(OO\LQ¶VPRGHOZ
DQGDQGIRUș >@
)LJ&RPSDULVRQRIWKH)DZD]	(OO\LQ¶VPRGHOZ
DQGDQGIRUș >@
IXQFWLRQV I DQG J DUH FDOFXODWHG GHSHQGLQJ RQ ZKHWK
$JDLQ WKH QXPEHU RI H[SHULPHQWDO GDWD QHHGHG LQ WKH
ULPHQWVXQLD[LDORUELD[LDO
SRVHG D UHIHUHQFH OLQH UHODWLRQVKLS XVLQJ H[SHULPHQWD
VVILEHUUHLQIRUFHGLVRSKWKROLFSRO\HVWHUDVWKHIROORZLQJ
       ORJD 7 1T ª º¬ ¼     
DWLFVWUHQJWKFRUUHODWLRQDQGILEHURULHQWDWLRQDQJOHFRUU
    I D D D       
    7 T T T       
SHULPHQWDORQHVFRQGXFWHGE\6PLWKDUHVHHQLQWKH)LJ

LWKWKHUHVXOWVRI6PLWK>@RQELD[LDO*ODVV(SR[\IRUGLIIHUHQWVWUHVV

LWKWKHUHVXOWVRI6PLWK>@RQELD[LDO*ODVV(SR[\IRUGLIIHUHQWVWUHVV
HU WKH
PRGHO
O GDWD


HODWLRQ


XUHV
UDWLRV
UDWLRV
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6WUXFWXUDO2SWLPL]DWLRQXVLQJ362
,Q362ILUVWO\WKHVZDUPZLWKUDQGRPSRVLWLRQYDOXHVDQGYHORFLWLHVDUHLQLWLDOL]HG,QWKHVZDUPWKH
YHORFLW\YHFWRUIRUHDFKSDUWLFOHLQWKHVZDUPLVUDQGRPO\VHOHFWHG7KHQH[WSRVLWLRQVRIWKHSDUWLFOHVDUH
PRGLILHG7KLVSURFHVVFRQWLQXHVXQWLOWKHVWRSFULWHULRQLVDFKLHYHG7KHYHORFLW\YHFWRUVRIWKHSDUWLFOHV
DUHFDOFXODWHGE\>@

ݒ௞ାଵ௜ ൌ  ݒ௞௜ ൅ܿଵݎଵ൫݌௞௜ െ ݔ௞௜ ൯ ൅ ܿଶݎଶ൫݌௞
௚ െݔ௞௜ ൯  
ZKHUHWKHVXEVFULSWVNDQG L UHSUHVHQWWKHLWHUDWLRQDQGWKHSDUWLFOHQXPEHUVUHVSHFWLYHO\[GHQRWHVWKH
SDUWLFOH¶VSRVLWLRQYGHQRWHVWKHSDUWLFOH¶VYHORFLW\UDQGUDUHUDQGRPQXPEHUVFKDQJHEHWZHHQDQG
Z LV WKH LQHUWLD ZHLJKW F DQG F GHQRWH FRJQLWLYH DQG VRFLDO SDUDPHWHUV SNL LV WKH VR FDOOHG EHVW
UHPHPEHUHGSRVLWLRQDWWDLQHGE\WKHLWKSDUWLFOHLQWKHVZDUPDQGSNJRQWKHRWKHUKDQGUHSUHVHQWVWKH
JOREDOEHVWUHPHPEHUHGSRVLWLRQDWWDLQHGE\WKHVZDUPDWNWKLWHUDWLRQ
7KHSRVLWLRQRIWKHSDUWLFOHVLQWKHVZDUPDWNWKLWHUDWLRQLVXSGDWHGE\

ݔ௞ାଵ௜ ൌ  ݔ௞௜ ൅ ݒ௞ାଵ௜    
7KH362DOJRULWKPLVVKRZQLQ)LJXUH


)LJ)ORZFKDUWLQWKHGHVLJQSURFHVVRIRSWLPL]DWLRQ
)DLOXUH RI DQ\ SO\ VLJQDOV LQFHSWLRQ RI IDLOXUH RI WKH ZKROH VWUXFWXUH HYHQ WKRXJK LWV XOWLPDWH ORDG
EHDULQJFDSDFLW\PD\QRWEHH[FHHGHG)RUWKLVUHDVRQWKLVLVFRQVLGHUHGDVDGHVLJQOLPLW$FFRUGLQJO\
WKHILUVWSO\IDLOXUHDSSURDFKLVDGRSWHGLQWKHGHVLJQRSWLPL]DWLRQ%HFDXVHWKHVHDUFKDOJRULWKPXVHGLQ
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WKLV VWXG\ 362 LV FDSDEOH RI ILQGLQJ WKH JOREDOPLQLPD GXH WR LWV DELOLW\ WR MXPS DFURVV WKH VHOHFWHG
GHVLJQVSDFH>@VHDUFKDOJRULWKPLVFRQVWUXFWHGWRPLQLPL]HWKHREMHFWLYHIXQFWLRQ,QRWKHUZRUGVLWLV
FKRVHQDVWKHLQYHUVHRIWKHIDWLJXHOLIHRIWKHODPLQDWH
5HVXOWVDQG'LVFXVVLRQ
,QWKLVVWXG\JUDSKLWHHSR[\FRPSRVLWH7ZDVFKRVHQ7KHPDWHULDOSURSHUWLHVFDQEHIRXQG
LQUHIHUHQFH>@
(YHQLIDJOREDOVHDUFKDOJRULWKPLVXVHGWKHRSWLPL]DWLRQSURFHVVLVUHSHDWHGPDQ\WLPHVJHQHUDWLQJ
GLIIHUHQWLQLWLDOFRQILJXUDWLRQVVRWKDWJOREDOO\RSWLPXPVROXWLRQLVSURYHG7KHORDGLQJVFRQVLGHUHGDUH
VKRZQLQ7DEOHDOORZXVWRGUDZSK\VLFDOFRQFOXVLRQVIURPWKHUHVXOWV7DEOHVDQGVKRZRSWLPDO
GHVLJQDQJOHVIRUYDULRXVORDGLQJFRQGLWLRQV

7DEOH/RDGFRPELQDWLRQVFRQVLGHUHGIRUWKHVWXG\
/RDGFDVHV 
/RDGFDVHQXPEHU
0DJQLWXGHRIORDGV[1P
1[[ 1\\ 1]]
   
   
   

7DEOH7KHRSWLPXPOD\XSVDQGFRUUHVSRQGLQJIDWLJXHOLYHVIRUGLIIHUHQWGLVWULEXWHGLQSODQHORDGV
DQGIRUMXVWRQHGLIIHUHQWGLVWLQFWILEHUDQJOHV
2SWLPDOGHVLJQDQJOHVIRUYDULRXVORDGLQJFRQGLWLRQV
/RDGFDVHQXPEHU 2SWLPDOOD\XSDQJOHVGHJ )DWLJXHOLIHF\FOH
 >@V î
 >@V>@V>@V« î
 >@V î


7DEOH7KHRSWLPXPOD\XSVDQGFRUUHVSRQGLQJIDWLJXHOLYHVIRUGLIIHUHQWGLVWULEXWHGLQSODQHORDGV
DQGIRUWZRGLIIHUHQWGLVWLQFWILEHUDQJOHV
2SWLPDOGHVLJQDQJOHVIRUYDULRXVORDGLQJFRQGLWLRQV
/RDGFDVHQXPEHU 2SWLPDOOD\XSDQJOHVGHJ )DWLJXHOLIHF\FOH
 >@V î
 >@V>@V>@V« î
 >@V î
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&RQFOXVLRQV
)DWLJXH OLIH ZDV IRXQG WR EH YHU\ VHQVLWLYH WR VWUHVV OHYHO ,QFUHDVLQJ WKH VWUHVV OHYHO GUDPDWLFDOO\
VKRUWHQV WKH IDWLJXH OLIH7KHUHIRUHRQHVKRXOGEHPRUHFDXWLRXV LQGHVLJQLQJVWUXFWXUHVDJDLQVW IDWLJXH
IDLOXUH
:LWK WKH LQFUHDVHG QXPEHU RI GLVWLQFW ILEHU DQJOHV WKH FRPSOH[LW\ RI WKH RSWLPL]DWLRQ SUREOHP
LQFUHDVHV DV ZHOO DV WKH SRVVLELOLW\ RI LPSURYHPHQW $V VHHQ LQ WKH WDEOHV SUHVHQWLQJ WKH UHVXOWV
VLJQLILFDQWLPSURYHPHQWVLQWHUPVRIIDWLJXHOLIHYDOXHVFDQEHREWDLQHGZKHQWKHQXPEHURIGLVWLQFWILEHU
DQJOHV LV LQFUHDVHG IURP WR WZR+HQFH LW FDQEHFRQFOXGHG WKDW FKRRVLQJD KLJKQXPEHURIGLVWLQFW
ILEHUDQJOHVLVQHFHVVDU\WRREWDLQWKHEHVWSRVVLEOHGHVLJQ
$FNQRZOHGJHPHQWV
7KH SDSHU LV EDVHG RQ WKH ZRUN VXSSRUWHG E\ 78%,7$. 7KH 6FLHQWLILF DQG 7HFKQRORJLFDO
5HVHDUFK&RXQFLORI7XUNH\ZLWKWKHFRGHQXPEHU0
5HIHUHQFHV
>@+DUULV%)DWLJXHLQ&RPSRVLWHV6FLHQFHDQG7HFKQRORJ\RIWKH)DWLJXH5HVSRQVHRI)LEUH5HLQIRUFHG3ODVWLFV8QLYHUVLW\
RI%DWK8.:RRGKHDG3XEOLVKLQJ/LPLWHG
>@+DKQ+7.LP5<)DWLJXHEHKDYLRURIFRPSRVLWHODPLQDWH-&RPSRV0DWHU
>@6LKQ63DUN-:0$($Q,QWHJUDWHG'HVLJQ7RROIRU)DLOXUHDQG/LIH3UHGLFWLRQRI&RPSRVLWHV-&RPSRV0DWHU

>@)DZD]=(OO\LQ)$QHZPHWKRGRORJ\IRU WKHSUHGLFWLRQRI IDWLJXHIDLOXUH LQPXOWLGLUHFWLRQDOILEHUUHLQIRUFHGODPLQDWHV
&RPSRV6FL7HFKQRO
>@)DZD]=(OO\LQ))DWLJXHIDLOXUHPRGHOIRUILEHUUHLQIRUFHGPDWHULDOVXQGHUJHQHUDO ORDGLQJFRQGLWLRQV-&RPSRV0DWHU

>@,FDUGL8/RFDWWR6/RQJR$$VVHVVPHQWRIUHFHQWWKHRULHVIRUSUHGLFWLQJIDLOXUHRIFRPSRVLWHODPLQDWHV$SSO0HFK5HY

>@ 4XDUHVLPLQ 0 6XVPHO / 7DOUHMD 5 )DWLJXH EHKDYLRXU DQG OLIH DVVHVVPHQW RI FRPSRVLWH ODPLQDWHV XQGHU PXOWLD[LDO
ORDGLQJV,QW-)DWLJXH
>@(UWDV$+6RQPH])2'HVLJQRIILEHUUHLQIRUFHGODPLQDWHVIRUPD[LPXPIDWLJXHOLIH3URFHGLD(QJ±
>@(UWDV$+6RQPH])2'HVLJQRSWLPL]DWLRQRIFRPSRVLWHVWUXFWXUHVIRUPD[LPXPVWUHQJWKXVLQJGLUHFWVLPXODWHGDQQHDOLQJ
3,0HFK(QJ&±-0HF
>@ 6PLWK (: &\FOLF ELD[LDO GHIRUPDWLRQ DQG IDLOXUH RI D JODVV ILEUHUHLQIRUFHG FRPSRVLWHV 3K' 7KHVLV &DPEULGJH
8QLYHUVLW\3UHVV
>@.DWKLUDYDQ5*DQJXOL5 6WUHQJWKGHVLJQ RI FRPSRVLWH EHDPXVLQJ JUDGLHQW DQG SDUWLFOH VZDUP RSWLPL]DWLRQ&RPSRV
6WUXFW
>@6KL<(EHUKDUW5&$PRGLILHGVZDUPRSWLPL]HU ,Q3URFHHGLQJVRI WKH ,(((LQWHUQDWLRQDOFRQIHUHQFHRQHYROXWLRQDU\
FRPSXWDWLRQ$QFKRUDJHS
>@+DVKLQ=5RWHP$)DWLJXHIDLOXUHFULWHULRQIRUILEHUUHLQIRUFHGPDWHULDOV-&RPSRV0DWHU

